Porcine reproductive and respiratory syndrome virus (PRRSV) was first isolated in 1991 in Europe (Wensvoort et al., 1991) and designated as Lelystad virus (LV), and then in 1992 in the USA (Collins et al., 1992) . The genome of PRRSV is polyadenylated and about 15 kb in length (Meulenberg et al., 1993a, b; Meng et al., 1994) . Eight overlapping open reading frames (ORFs) were identified in PRRSV genome (Meulenberg et at., 1993 a) . PRRSV is tentatively classified in the newly proposed Arteriviridae family including equine arteritis virus (EAV), lactate dehydrogenase-elevating virus (LDV) and simian haemorrhagic fever virus (SHFV) (Conzelmann et al., 1993; Meulenberg et al., 1993a; Meng et al., 1994) .
In cells infected with PRRSV, seven species of virusspecific mRNAs are synthesized representing a 3'-coterminal nested set (Conzelmann et al., 1993; Meulenberg et al., 1993 a; Meng et al., 1994) . Each of the subgenomic (sg) mRNAs contains a leader sequence, which is derived from the 5' end of the viral genome (Meulenberg et al., 1993 b) . Recently, the leader-mRNA were separated on a denaturing formaldehyde gel, transferred to nylon membranes and hybridized with a T-terminal probe (Meng et al., 1994) . The PRRSV-specific mRNA species are numbered I to 7 and m R N A I represents the genomic RNA. An additional subgenomic mRNA species, designated as sg m R N A 3-1, was detected in some isolates of PRRSV. (b, c) Northern blot analysis of total intracellular RNAs isolated from CRL11171 cells infected with ISU1894 (b) and ISU79 (c). The RNAs were separated on a denaturing formaldehyde gel. The blots were hybridized with seven ORF-specific probes, respectively. The probes 1 to 7 were generated from ORFs lb to 7, respectively. Each of the seven probes is specific for only one ORF (see text for detail). Lanes 1 to 7 of both panels (b) and (c) represent the Northern blot results with probes 1 to 7, respectively. PRRSV-specific mRNA species were not detected in RNAs from mock-infected cells (data not shown).
Northern blot analyses, l0 lag of total intracellular RNAs, 15 ng of virion RNA and 0.2 lag of poly(A) + RNA were used per lane in a formaldehyde-agarose gel, respectively. Electrophoretic separation of RNA, RNA blotting, and hybridization were performed as described previously (Meng et al., 1994) . In order to investigate variation in the numbers of the sg mRNAs among US PRRSV isolates with differing virulence, confluent monolayers of CRL11171 cells were infected with each of the five US isolates of PRRSV at 0.1 m.o.i. Total intracellular RNAs were isolated from virus-infected cells at 24 h post-infection. A cDNA fragment was generated from the extreme 3' end of the viral genome by PCR with primers PP284 (5' CGGCC-GTGTGGTTCTCGCCAAT 3') and PP285 (5' CCCC-ATTTCCCTCTAGCGACTG 3'). The cDNA fragment was labelled with [a2P]dCTP by the random primer extension method (Meng et al., 1994) and hybridized with the total intracellular RNAs separated on a formaldehyde gel. Analyses of RNAs showed that a nested set of six or seven sg mRNAs, in addition to the genomic RNA, were present in cells infected with these five US isolates of PRRSV with differing virulence (Fig.  l a) . Similar results were obtained when the total intracellular RNAs were separated on a glyoxal-DMSO agarose gel (data not shown). Isolates ISU55, ISU79 and ISU3927 produced seven sg mRNAs, whereas isolates ISU22 and ISU1894 only produced six sg mRNAs (Fig.  1 a) . The additional species of sg m R N A was located between sg mRNAs 3 and 4, and was designated as sg mRNA 3-1 according to the recommendations of the coronavirus study group (Cavanagh et al., 1990) . The sg mRNAs differed little, if at all, in size between these five isolates of PRRSV (Fig. 1 a) . The sg mRNAs of PRRSV are not packaged into virions and only the genomic RNA was detected in the purified virions of isolate ISU3927 (data not shown).
To exclude the possibility of sg m R N A 3-1 being a defective-interfering (DI) RNA, the isolate ISU79 was passaged four times in CRL1117t cells at m.o.i.s of 0"1, 0"01 and 0"001, respectively. Analysis of the sg mRNAs after the fourth passage showed that the sg m R N A 3-1 was still present in all RNA preparations as well as in RNA prepared from undiluted passages (Fig. 2a) . Moreover, there was no interference or reduction in the synthesis of all other sg mRNAs in the presence of sg mRNA 3-1. Therefore, it is very unlikely that sg mRNA 3-1 is a DI RNA. Northern blot analysis of the polyadenylated RNA confirmed that the sg mRNA 3-1 in cells infected with isolates ISU55 and ISU79 was still present (Fig. 2b) , indicating that the sg mRNA 3-1 is not attributable to the non-specific binding of probes to the ribosomal RNAs (rRNA) or due to the retardation of sg m R N A in the abundant rRNA which would co-migrate with the rRNA in the gel (Kuo et al., 1992; Meulenberg et al., 1993a, b) .
To analyse the sg mRNAs of the US PRRSV in more detail, seven cDNA fragments specific for each of the ORFs 1 b through 7 were amplified by PCR. The design of primers for PCR was based on the published sequences of LV and VR2385 (Meulenberg et al., 1993a; Meng et al., 1994; Morozov et al., 1995) . The primer pairs for generating cDNA probes representing ORFs lb through 7 are IM729 (5' G A C T G A T G G T C T G G A A A G 3') and IM782 (5' CTGTATCCGATTCAAACC 3') for ORF lb, IM312 (5' A G G T T G G C T G G T G G T C T T 3 ' ) a n d IM313 (5' TCGCTCACTACCTGTTTC 3') for ORF 2, XM1022 (5' TGTGCCCGCCTTGCCTCA 3') and IM258 (5' AAACCAATTGCCCCCGTC 3') for ORF 3, XM1024 (5' TATATCACTGTCACAGCC 33 and XM 1023 (5' CAAATTGCCAACAGAATG 3') for ORF 4,
for ORF 6, and PP285 and PP284 for ORF 7 and Y noncoding region. These seven cDNA fragments were labelled with [a2P]dCTP and hybridized to Northern blots of total intracellular RNAs extracted from cells infected with two US isolates, ISU1894 and ISU79, respectively. Northern blot analyses showed that the probe 1, which was generated from ORF lb, hybridized only with the genomic RNA and probes 2 through 7 each hybridized with one more additional RNA species besides the genomic RNA (Fig. l b, c) . The results further confirmed that a 3'-coterminal nested set of six (ISU1894) or seven (ISU79) sg mRNAs is formed in PRRSV-infected cells (Fig. 1 b, c) . The sg m R N A 3-1 of ISU55   15U22  ISU1894   ISU79   VR23S5  ISU3927  ISU55  IS[/22  I$U1894  ISU79   VR2385  ISU3927  ISU55  VR23S5  ISU-22  ISU1894  IS~/79   VR2385  ISU3927  ISU55  ISU22  I~J1894  ISU79   VR23S5   ISU3927   ISU55   ISU22  ISU1894  ISU79   VR2385   ISU3927   ISU55   ISU22   2SU1894   ISU79   VR23~5  ISU3927  ISU55  I SLr22  ISU1894  ISU79 -89 (mRNA3) GCATC?TGCCGCCATTGAAGCCGAGACCq~TAAATATCT(;(`<?£~Kq~ 
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•.. UCUCCAGCGAAGGCCACUUGAC cAGUGUU... isolate ISU79 hybridized with probes 4 through 7, but not with probes 1, 2 and 3 ( Fig. 1 c) , suggesting that the sg mRNA 3-1 contains ORFs 4 through 7 as well as the 3' non-coding region (NCR). Therefore, the sg mRNA 3-1 is generated from a sequence upstream of ORF 4. To determine the leader-mRNA junction sequences of sg mRNAs 3, 3-1 and 4, RT-PCR with primers IM755 (5' GACTGCTTTACGGTCTCTC 3') and DP586 (5' GATGCCTGACACATTGCC 3') was performed using total intracellular RNAs isolated from cells infected with two US isolates, ISU1894 and ISU79. Primer IM755 locates in the 3' end of the leader sequence, and primer DP586 locates in the ORF 4. Analysis of the RT-PCR products showed that two fragments with sizes of about 1.1 kb and 0"45 kb were amplified from the total RNAs of the ISUl894 virus-infected cells (Fig. 2c) . These two fragments represent 5' portions of the sg mRNAs 3 and 4, respectively. In addition to the two fragments observed in the isolate ISU1894, a third fragment of about 0-6 kb representing the 5' portion of sg mRNA 3-1 was also amplified from total RNAs of cells infected with the isolate ISU79 (Fig. 2 c) . The RT-PCR products of ISU79 and ISU1894 were purified and the 5' end of these products were sequenced directly with an automated DNA Sequencer (Applied Biosystem) using virus-specific primers XM077 (5' CAACCAGGCGTAAACACT 3') and (5' CTGCAAGACTCGAACTGAA 3'). The leadermRNA junction sequences of the sg mRNAs 3, 3-1 and 4 of the two US isolates were determined by comparing the 5'-terminal sequences of the sg mRNAs and the genomic sequences of the two isolates (Fig. 3b) . The leader-mRNA junction sequences of sg mRNAs 3 and 4 of ISU1894 and ISU79 were GUAACC located at 89 nucleotides upstream of ORF 3 for sg mRNA 3 and UUCACC located at 10 nucleotides upstream of ORF 4 for sg mRNA 4 (Fig. 3 a, b) . The leader-mRNA junction sequence of sg mRNA 3-1 of ISU79 was UUGACC which was located at 236 nucleotides upstream of ORF 4 (Fig. 3 a) . Differences in the sequence of the junction motif were found in the first 3 nucleotides whereas the last 3 nucleotides were invariable. The leader-mRNA junction sequences of sg mRNAs 3-1 and 4 were separated by 226 nucleotides which correlated with the estimated sizes of the sg mRNAs 3-1 and 4 observed in the Northern blot analysis (Fig. 1 ) and in the RT-PCR amplification (Fig. 2 c) .
Sequence alignment of the genomic sequence of isolates ISU79 and ISU1894 showed that a point mutation, from U in isolate ISU1894 to C in isolate ISU79, led to the acquisition of an additional leadermRNA junction sequence, UUGACC, in isolate ISU79 (Fig. 3a, b) and therefore an additional species of sg mRNA 3-1 (Fig. 1) . This point mutation occurs in the last nucleotide of the junction motif, suggesting that the last nucleotide of the leader-mRNA junction motif may be critical for the binding of the leader and for the initiation of transcription. The point mutation observed in the isolate ISU79 was also present in isolates ISU55 and ISU3927 (Fig. 3a) as both produced seven sg mRNAs ( Fig. 1) but not in the isolate ISU22 (Fig. 3a) which synthesized only six sg mRNAs (Fig. 1) . The isolate VR2385, which was previously shown to produce six sg mRNAs (Meng et al., 1994) , also contains the additional leader mRNA 3-1 junction sequence (Fig.  3 a) . This observation led us to re-examine the sg mRNAs of the isolate VR2385 by using the sensitive RT PCR method. The total intracellular RNAs, isolated from VR2385 and ISU22 virus-infected cells, respectively, were subjected to RT-PCR amplification of the 5' end of the sg mRNAs 3, 3-1 or 4 with the same primer pair IM755 and DP586 as used for isolates ISU79 and ISU1894. The results showed that, like ISU79, three bands representing the 5' portion of the sg mRNAs 3, 3-1 and 4 were amplified in the isolate VR2385, but only two bands in the isolate ISU22 (data not shown). This indicated that the sg mRNA 3-1 in the isolate VR2385 was produced but that the amount was not enough for detection by Northern blot analysis (Meng et al., 1994) .
In addition to ORFs 4 to 7, which are contained in the sg mRNA 4, the sg mRNA 3-1 contains an additional small ORF 3-1 with a coding capacity of 45 amino acids at the 5' end of the sg mRNA 3-1 (Fig. 3 c) . This small ORF 3-1 was not in frame with ORF 4, and stopped just one nucleotide before the start codon of ORF 4 (Fig. 3 a) .
ORF is shown by + >, and the termination codon of each ORF is shown by asterisks. The small ORF in sg mRNA 3-1 is designated as ORF 3-1. The determined leade~mRNA junction sequences for sg mRNAs 3, 3-1 and 4 are underlined. The locations of the leader mRNA junction sequences relative to the start codon of each ORF are indicated by minus (-) numbers of nucleotides upstream of each ORF. (b) Leader-mRNA junction regions of sg mRNAs 3, 3-1 and 4 of isolates ISU79 and ISU1894. The genomic sequences of ISU79 and ISU1894 surrounding the junction sites for sg mRNAs 3, 3-1 and 4 are shown on top, and the 5' terminal sequence of the corresponding sg mRNA derived from the PCR products is shown at the bottom. The leader sequence used for PCR primer IM755 is shown in italic and underlined. The sequence that follows (CACCCCU) is presumably the 3'-end of the leader sequence. The leader mRNA junction sequence is shown in bold type and underlined. The point mutation between 1SU79 and ISU1894 which generates a new leade~mRNA 3-1 junction sequence in isolate ISU79 is shown in lower case type. (c) Alignment of the deduced amino acid sequences of ORF 3-I of six US isolates of PRRSV. The ORF 3-1 of the isolate VR2385 is shown on top, and only differences in other isolates are indicated.
Whether this ORF 3-1 encodes any protein or whether it has any biological function remains to be studied.
All arteriviruses have been shown to produce six sg mRNAs (De Vries et at., 1990; Plagemann & Moennig, 1992; Meulenberg et al., 1993a; Godeny et al., 1995) , except for some LDV variants (LDV-P, LDV-a and LDV-v), which synthesize seven sg mRNAs (Plagemann & Moennig, 1992; Kuo et al., 1991 Kuo et al., , 1992 , In the present study, seven sg mRNAs were also detected in cells infected with some isolates of PRRSV with differing virulence. Whether this observed difference in the numbers of sg mRNAs is related to any specific properties of these isolates is not yet known. There was no apparent correlation between the pneumovirulence and the numbers of the sg mRNAs observed in these five isolates.
Taken together, these data indicate that the sg mRNAs of PRRSV are polymorphic, and that the numbers and the exact sizes of the sg mRNAs depend on the particular PRRSV isolate analysed. However, a nested set of six sg mRNAs most likely reflects the standard arterivirus genome organization and transcription.
